Evidence-based travel medicine requires that research priorities reflect the wide knowledge base of this discipline. Bibliometric analysis of articles published in Journal of Travel Medicine yielded the following results: epidemiology (6%, n ¼ 105); immunology/vaccinology (8.5%, n ¼ 148); pre-travel assessment/consultation (30.5%, n ¼ 533); diseases contracted during travel (48.3%, n ¼ 843); other clinical conditions associated with travel (6.8%, n ¼ 119); posttravel assessment (5.2%, n ¼ 91) and administrative and general travel medicine issues (6%, n ¼ 105). study is the first journal-level bibliometric analysis of travel medicine literature with the additional aim to identify research trends and gaps in the Body of Knowledge, by mapping articles to the syllabus domains and sub-domains, thus informing the setting of research priorities in this expanding area of clinical activity.
dations for the practice of travel medicine and a competencybased framework for travel health nurses, respectively. The ISTM Body of Knowledge is a very comprehensive syllabus of travel medicine which is updated at intervals by travel medicine experts to reflect the current scope of travel medicine practice. 7 It provides a convenient template upon which to consider areas of unmet research need in this emerging area of professional practice. Bibliometric analysis is an established research methodology which involves a quantitative analysis of academic literature for a specific purpose. Specialty 8 and journal-level 9 bibliometric analyses have been conducted in the field of tropical medicine, and a citation analysis 10 of research output in travel medicine has recently been published. A previous bibliometric analysis examined travel medicine research trends in Latin America. 11 This study is the first journal-level bibliometric analysis of travel medicine literature with the additional aim to identify research trends and gaps in the Body of Knowledge, by mapping articles to the syllabus domains and sub-domains, thus informing the setting of research priorities in this expanding area of clinical activity.
final designations for each article. Data were entered and stored in a Microsoft Excel 2013 database and summarized as totals and percentages.
Results
Categorical mapping of 1745 articles published from 1994 to 2016 yielded the following number of articles per domain: epidemiology (6%, n ¼ 105); immunology/vaccinology (8.5%, n ¼ 148); pre-travel assessment/consultation (30.5%, n ¼ 533); diseases contracted during travel (48.3%, n ¼ 843); other clinical conditions associated with travel (6.8%, n ¼ 119); posttravel assessment (5.2%, n ¼ 91) and administrative and general travel medicine issues (6%, n ¼ 105). The majority of the published articles was full original research articles (40.6%, n ¼ 709), brief communications articles (27.3%, n ¼ 476) or review articles (11.4%, n ¼ 199). The remaining group of articles (20.7%, n ¼ 361) comprised correspondence articles, editorials, research letters, perspectives and clinical pictures. A bibliometric mapping exercise was also performed at the sub-domain level (Table 1) . There was an increase in published research productivity over time, with recognizable peaks occurring in 2003 and 2009. There was a longitudinal trend over time towards higher research output in the post-travel patient assessment domain. The Body of Knowledge sub-domain topics most frequently reflected in the published articles related to malaria (249 articles), travellers' diarrhoea (85 articles), basic concepts of epidemiology (71 articles), evaluation of travel itineraries (52 articles) and schistosomiasis (49 articles). The most frequently published travel vaccine topics discussed hepatitis A and B vaccines (46 articles). Most of the research output in the category of special populations of travellers involved immigrants (37 articles) and the paediatric traveller (33 articles). Sexually transmitted diseases and accessing health information for travellers yielded 33 articles each.
Body of Knowledge topics which had not been translated into publications in JTM belonged to five of the seven domains, and related to general principles of vaccinology, types of vaccines, special groups of travellers, special travel itineraries, prevention and self-treatment, risk communications, vectorassociated infections, diseases contracted during travel, medical care abroad and administrative travel medicine issues. Prominent topics which had not been published as the main theme of an article included vaccine storage, athletes, disabled travellers, last minute travel, natural disasters, leptospirosis, pertussis and frostbite.
Thirteen potential new Body of Knowledge sub-domain categories emerged from our analysis ( Table 2) , some of which may reasonably be combined with existing sub-domains in an expanded descriptive title of that category, or merit the construction of a novel sub-domain identifier. Prominent among these non-categorized topics were antibiotic resistance (23.4%, n ¼ 15), education and training (15.6%, n ¼ 10), death abroad and repatriation (7.8%, n ¼ 5) and air travel (4.7%, n ¼ 3).
Discussion
Bibliometric analysis is a recognized assessment tool for studying trends, patterns and biases in academic research activity and in providing a macroscopic view of research output in an individual academic discipline. 9 Recent bibliometric analyses have shone a useful spotlight on research in tropical infectious diseases such as Zika 14 and Ebola Virus Disease. 15 A further application of this method is in refining the syllabus within a scientific discipline and thus informing the design of post-graduate curricula and assessments of competence. For the purposes of our study, the assessment was performed at the journal level, with JTM being selected given its status as the longest standing journal in the field and the only academic journal devoted exclusively to the subject of travel medicine. The results of this study demonstrate that the collection of articles published in JTM reflects the domains of the Body of Knowledge, with the highest proportion of material addressing pre-travel assessment and diseases contracted during travel. Infectious diseases acquired by the traveller outnumbered noncommunicable diseases seven-fold. Whereas infectious diseases represent a significant proportion of the morbidity associated with international travel, and travel medicine practitioners usually prioritise infectious disease prevention during the pre-travel consultation, 3 the leading causes of death in travellers are cardiovascular disease and road traffic accidents. Our analysis categorized 18 articles to the topic of travellers with chronic diseases (domain code III.P) and 20 publications to the topic of accidents (domain code V.K). Thus, 2% of the research yield in travel medicine for this particular journal, spanning 22 years of academic output, relate to the two leading causes of death in travellers. Furthermore, the gap between the practice of travel medicine in more developed and developing countries reflects, to some extent, the different endemicity of infectious diseases across the globe and thus the perception of risk of outward travellers from different continents such as Asia. Whilst an equal distribution of publications across all subjects is unrealistic, the Body of Knowledge does serve as a useful reminder to the travel medicine research community of the extensive breadth of the discipline and of the need for original research and commentary which guides the prevention and management of the full spectrum of travel-related illness and injury. We found that there were relatively fewer articles published about post-travel assessment and administrative aspects of travel medicine clinical practice, including accessing medical care abroad, management of a travel health clinic and travel medicine information resources and this may reflect some of the practical difficulties of obtaining high quality original data on these and other travel medicine topics. The current study identified the sub-domain of post-travel assessment as the area with the sharpest increase in publications over the time period analysed. There is an increasing recognition of the desirability for travel medicine practitioners to be more active in the assessment and management of illness in the returned traveller and it is likely that this will be reflected over time in an even greater research output.
We were surprised to observe the limited publication profile of other very important sub-domains in the Body of Knowledge, including special travel itineraries such as medical tourism, and psychological and psychosocial issues. Although medical tourism has been reviewed by JTM as recently as 2014, it was poorly represented in our analysis. Knowledge of this pattern may stimulate editorial efforts to attract more submissions from medical a Where the total number of articles listed by topic does not equate to the total number of articles in the Body of Knowledge sub-domain to which they belong, it may be assumed that some articles are assigned to > 1 category. Similarly, articles may be classified into >1
domain. b The 'Other' designation includes articles which clearly belong to the sub-domain under which they appear but did not merit inclusion as potentially new sub-domain categories in Table 2 . The first article in the travel medicine literature on the subject of blood transfusion issues in travel medicine has been published in JTM since this bibliometric analysis was undertaken.
12 tourism researchers, who would benefit from collaborations with the mainstream travel medicine community, many of whom give pre-travel health advice to intending medical tourists. The existence of an ISTM special interest group devoted to the psychological health of travellers underscores the importance attached to mental health issues in this group of patients but our analysis revealed that research output on this subject equated to 1% of all publications in JTM since the journal's introduction in 1994. We attempted to identify potential new travel medicine topics which had been published in JTM but which could not be classified into an existing dub-domain within the ISTM Body of Knowledge. Whilst this was subject to possible bias, the list provided in Table 2 does provide a starting point for discussions which may help to inform the ongoing revision of this document. The emergence of antimicrobial resistance and growing recognition of its importance in travel health support its allocation to a new sub-domain.
This bibliometric analysis studies the oldest travel medicine journal with the highest publication volume and it should not be regarded as a definitive analysis of publication trends at a specialty level, but rather as a specific attempt to track publication trends in relation to the published syllabus of travel medicine. Some topics may not be reflected because authors may have selected a more general or a more specialized journal in which to publish. Published articles represent a subset of all research conducted, but for the purposes of bibliometric analysis they should be regarded as a surrogate measure of research activity in a given field of scientific study. Furthermore, shifting editorial policies may be reflected in any attempt to analyse publications according to subject matter categories. Bibliometric analysis is subject to a minor degree of inter-individual variation. We endeavoured to minimize this by conducting our analysis independently and making final classifications by agreement. The suggested new sub-domains or topics may be challenged but the items presented in this article reflect our knowledge and extensive experience of travel medicine and may be of value to experts who contribute to the revision of the ISTM Body of Knowledge syllabus. We acknowledge that gaps in published research in a single journal do not necessarily inform how the Body of Knowledge curriculum should be revised and some of the novel topics suggested may be more suited to textbook chapters rather than scientific research papers.
This first journal-level bibliometric analysis of travel medicine research publications will help to establish future research priorities in travel medicine and contribute to the continuing development of this academic discipline. a The first article in the travel medicine literature on the subject of repatriation of deceased international travellers has been published in JTM since this bibliometric analysis was undertaken. 13 
